摩擦接合技術 by 川口 翼 & 辻野 良二
- 116 -
ᦤ༡኱Ꮫ⼥ྜ⛉Ꮫ◊✲ᡤㄽᩥ㞟ࠊ➨ ᕳ➨ ྕࠊ                   ゎㄝ
ᦶ᧿᥋ྜᢏ⾡ 
Friction Welding Technology 

ᕝཱྀ ⩼  ᦤ༡኱Ꮫ኱Ꮫ㝔⌮ᕤᏛ◊✲⛉
㎷㔝Ⰻ஧   ᦤ༡኱Ꮫ⌮ᕤᏛ㒊ᶵᲔᕤᏛ⛉
KAWAGUCHI, Tsubasa Graduate School of Science and Engineering, 
Setsunan University 
TSUJINO, Ryoji  Faculty of Science and Engineering, 
 Setsunan University 

Abstract
This paper describes an overview of friction welding technology. The friction welding 
is now widely used in various fields. However, the conventional process has defects 
for producing a joint such as non–round shape cross-section, quite different liquidus 
materials and large cross-section. In recent years, new friction welding process has 
been examined for overcome the drawbacks of the conventional one.          
 
࣮࣮࢟࣡ࢻ㸸⁐᥋ࠊᦶ᧿ᅽ᥋ࠊᦶ᧿ᨩᢾ⁐᥋
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
㸯ࡣࡌࡵ࡟
 ⁐᥋࡜ࡣᮦᩱ࡟ᛂࡌ࡚ࠊ᥋ྜ㒊ࡀ㐃⥆ᛶࢆᣢࡘࡼ࠺࡟ࠊ⇕ࡲࡓࡣᅽຊࡶࡋࡃࡣࡑࡢ୧⪅
ࢆຍ࠼ࠊࡉࡽ࡟ࠊᚲせࡀ࠶ࢀࡤ㐺ᙜ࡞⁐ຍᮦࢆຍ࠼࡚ࠊ㒊ᮦࢆ᥋ྜࡍࡿ᪉ἲ࡛࠶ࡿࠋ⁐᥋
ࡣࠊࡑࡢ᥋ྜࡢᶵᵓ࡟ࡼࡗ࡚ࠊ⼥᥋ࠊᅽ᥋ࠊࢁ࠺᥋࡟ศࡅࡽࢀࡿ(1)ࠋ⼥᥋࡜ࡣ᥋ྜ㠃௜㏆
ࡢẕᮦࢆຍ⇕⁐⼥ࡉࡏࡿࠋࡇࢀ࡟ࡼࡗ࡚ཎᏊࡢ㐠ືࡀάⓎ࡜࡞ࡗ࡚ཎᏊࡢ᥋㏆ࡀྍ⬟࡜࡞
ࡾࠊ෭༷ᚋ࡟ᙉ࠸⤖ྜ≧ែࡀᚓࡽࢀࡿࠋᅽ᥋࡜ࡣ᥋ྜ㠃࡟ᅽຊࢆຍ࠼ࡿࠋࡇࢀ࡟ࡼࡗ࡚᥋
ྜ㠃௜㏆ࡢẕᮦ࡟ረᛶኚᙧࡀ⏕ࡌࠊ᥋ྜ㠃ࡢ᥋㏆ࡀᐇ⌧ࡍࡿࠋࢁ࠺᥋࡜ࡣẕᮦࡢ᥋ྜ㠃ࢆ
ẕᮦࡼࡾ⼥Ⅼࡢప࠸⁐⼥㔠ᒓ࡛ࡠࡽࡋࠊẕᮦࡢ㔠ᒓཎᏊ⁐⼥㔠ᒓ࡟⼥ゎࡉࡏࠊẕᮦ࡜ప⼥
Ⅼ㔠ᒓ࡜ࡢ⏺㠃࡟ᅛ⁐య࡞࡝ࡢྜ㔠ᒙࢆࡘࡃࡿࡇ࡜࡟ࡼࡗ࡚᥋ྜࡍࡿࡶࡢ࡛࠶ࡿ(2)ࠋᮏ✏
࡛ࡣᅽ᥋ࡢ୍✀࡛࠶ࡿᦶ᧿᥋ྜ࡟ࡘ࠸࡚㏙࡭ࡿࠋ 
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㸰ᦶ᧿ᨩᢾ᥋ྜ 
ᦶ᧿ᨩᢾ᥋ྜࡢཎ⌮
ᦶ᧿ᨩᢾ᥋ྜࡣࠊඛ➃࡟✺㉳≀㸦ࣉ࣮ࣟࣈ㸧ࡢ࠶ࡿࢶ࣮ࣝࢆ㧗㏿࡛ᅇ㌿ࡉࡏ࡞ࡀࡽᮦᩱ
࡜᥋ゐࡉࡏࠊᦶ᧿⇕࡟ࡼࡗ࡚㌾໬ࡋࡓᮦᩱࢆᨩᢾ㸦ረᛶὶື໬㸧ࡋ࡚᥋ྜࡍࡿࠋ㏻ᖖࡢ⁐
⼥⁐᥋࡜ࡣ␗࡞ࡾᅛ┦࡛ࡢ᥋ྜࡢࡓࡵࠊ㔠ᒓ⤌⧊ࡀᚤ⣽໬ࡋᶵᲔⓗᛶ㉁࡟ඃࢀ࡚࠸ࡿࠋᅗ
1࡟ᶍᘧᅗࢆ♧ࡍࠋ


ᅗ 1 ᦶ᧿ᨩᢾ᥋ྜࡢᶍᘧᅗ 

ᦶ᧿ᨩᢾ᥋ྜࡢ≉ᚩ
ᦶ᧿ᨩᢾ᥋ྜࡢ᥋ྜ㒊ࡣࠊⴭࡋࡃᚤ⣽࡞⤖ᬗ⢏࡛ᵓᡂࡉࢀ࡚࠾ࡾࠊ㗪㐀⤌⧊ࡀᙧᡂࡉࢀ
ࡿ⁐⼥⁐᥋࡜ࡣ኱ࡁࡃ␗࡞ࡗ࡚࠸ࡿࠋᦶ᧿ᨩᢾ᥋ྜࡢ᥋ྜ㒊⤌⧊ࢆࡉࡽ࡟ヲ⣽࡟㆑ูࡍࡿ
࡜ࠊ3 ࡘࡢ㡿ᇦ࡟༊ูࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋ୰ኸ㒊ศࡣ᧠ᢾ㒊࡜࿧ࡤࢀࡿ㒊ศ࡛ࠊືⓗ෌⤖
ᬗ࡟ࡼࡾ⤖ᬗ⢏ࡀⴭࡋࡃᚤ⣽࡟࡞ࡗ࡚࠸ࡿࠋ᧠ᢾ㒊ࡢእഃ࡟ࡣࠊࢶ࣮ࣝࡢᅇ㌿࡟క࠸ረᛶ
ኚᙧࢆཷࡅ⤖ᬗ⢏ࡀఙ㛗ࡋࡓ⤌⧊࠿ࡽ࡞ࡿ⇕ຍᕤᙳ㡪㒊ࠊࡉࡽ࡟ࡑࡢእഃ࡟ࡣ⇕ࡢᙳ㡪ࡢ
ࡳཷࡅࡓ⇕ᙳ㡪㒊ࡀᏑᅾࡍࡿࠋ⥲ྜⓗ࡟ࡣ᥋ྜ㒊ࡢᙉᗘపୗࡀᑠࡉ࠸ࠊ᥋ྜᚋࡢኚᙧࡀᑠ
ࡉ࠸ࠊḞ㝗࣭๭ࢀ࡞࡝ࡀⓎ⏕ࡋ࡟ࡃ࠸ࠊ᥋ྜ๓ฎ⌮㸦㛤ඛຍᕤ➼㸧ࡀཎ๎୙せࠊࣇ࢕࣮ࣛ
ࡀཎ๎୙せࠊࢩ࣮ࣝࢻ࢞ࢫ୙せࠊ␗✀㔠ᒓ᥋ྜࡀẚ㍑ⓗᐜ᫆ࠊࣄ࣮࣒ࣗࡸࢫࣃࢵࢱ࡞࡝ࡀ
Ⓨ⏕ࡏࡎࠊసᴗ⎔ቃ࡟ඃࢀࡿ➼ࡢ㛗ᡤࢆ᭷ࡍࡿࠋ 
 
㸱ᦶ᧿ᅽ᥋
ᦶ᧿ᅽ᥋ࡢཎ⌮
ᶵᲔⓗ࡞ᅇ㌿࢚ࢿࣝࢠ࣮࡟ࡼࡿᦶ᧿⇕ࢆ฼⏝ࡋࠊᦶ᧿㠃ࢆ᥋ྜ㠃࡜ࡍࡿ᥋ྜᢏ⾡࡛࠶ࡿࠋ
2ࡘࡢ᥋ྜᮦᩱࡢ୍᪉ࢆᅇ㌿ࡉࡏࠊ᥋ྜࡋࡼ࠺࡜ࡍࡿ㠃ࢆ᥋ゐࡉࡏࠊᦶ᧿᥎ຊࢆຍ࠼ࡿ࡜ࠊ
୧ẕᮦ㠃ࡣ᥋ゐⅬ࡛ኚᙧࠊ◚ቯࢆ⏕ࡌࠊⓎ⇕ࡋ࡚↝௜ࡁࢆ⏕ࡌࡿࠋᅇ㌿ࡀ⥔ᣢࡉࢀ࡚࠸ࡿ
ࡢ࡛ࠊ↝௜ࡁࡢⓎ⏕࡜◚ቯ࡟⥆࠸࡚↝௜ࡁ㒊ࡀᣑ኱ࡋᦶ᧿㠃࡜࡞ࡿࠋᦶ᧿⇕ࡣẕᮦෆ㒊࡬
ఏࢃࡾ㧗 ᒙࡀᙧᡂࡉࢀࠊᦶ᧿㠃࡜ࡑࡢ㏆ഐࡣ⃭ࡋ࠸ኚᙧࢆ⏕ࡌ࡚Ⓨ⇕ࢆ⥆ࡅࡿࠋẕᮦࡢ
㧗 㒊ศࡢኚᙧ᢬ᢠࡀᑠࡉࡃ࡞ࡿࡢ࡛ࠊᦶ᧿᥎ຊ࡜ᦶ᧿࡟ࡼࡿ᤟ࡾຊ࡟ࡼࡗ࡚ᅽ⦰࣭᤟ࢀ
ኚᙧࢆ⏕ࡌࠊࡤࡾ࡜ࡋ࡚ẕᮦእ࿘᪉ྥ࡬ᢲࡋฟࡉࢀࡿࠋࡇࡢ࡜ࡁࠊኚᙧ㡿ᇦࡢ ᗘศᕸࡣ
Pressure to the tool 
Rotation 
Direction of the  
movement of the tool 
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ᦶ᧿㠃ࢆ᭱㧗࡜ࡋ࡚୧ẕᮦࡢ㍈᪉ྥ࡟పࡃ࡞ࡗ࡚࠸ࡿࡢ࡛ࠊࡑࢀ࡟ᛂࡌ࡚ኚᙧࡣᦶ᧿㠃࡜
ࡑࡢ㏆ഐ࡟࠾࠸࡚኱ࡁࡃࠊ୧ẕᮦࡢ᥋ྜ㠃ࡢ㓟໬≀ࡸởࢀ࡞࡝ࡣ᤼ฟࡉࢀ࡚ࠊෆ㒊࠿ࡽ㟢
ฟࡋ࡚ࡃࡿΎί㠃ྠኈࡀ᥋ゐࡍࡿࡇ࡜࡟࡞ࡾࠊ㓟໬≀ࡸởࢀ࡟ࡼࡿᙳ㡪ࡣ࡞ࡃ࡞ࡿࠋࡇࡢ
㐣⛬ࢆᡤᐃ᫬㛫⥆ࡅ࡚࠿ࡽᅇ㌿ࢆ೵Ṇࡋࠊࡉࡽ࡟ᦶ᧿ᅽຊࡼࡾ኱ࡁ࠸࢔ࣉࢭࢵࢺᅽຊࢆ௜
ຍࡍࡿࠋࡇࡢ᥋ྜ᪉ἲࡣࠊ௚ࡢ᥋ྜἲ࡜ẚ࡭ࠊ௨ୗࡢ࣓ࣜࢵࢺࡀ࠶ࡿࠋ(1)ᑍἲ⢭ᗘࡀ㧗ࡃࠊ
᥋ྜ⤖ᯝ࡟㧗࠸෌⌧ᛶࡀ࠶ࡿ(2)ᦶ᧿⇕௨እࡢ⇕※ࢆᚲせ࡜ࡏࡎࠊ᥋ྜ᫬࡟࢞ࢫࡸࢫࣃࢵࢱ
ࡀฟ࡞࠸ࡇ࡜࡞࡝࠿ࡽ⮬↛⎔ቃ࡟ࡸࡉࡋ࠸(3)ࢥࢫࢺࡀᏳ࠸࡞࡝ࡀᣲࡆࡽࢀࡿ(4)ࠋ 
 
ᦶ᧿ᅽ᥋ࡢ᪉ᘧ
 ࣈ࣮ࣞ࢟ᘧ࡜ࣇࣛ࢖࣍࢖࣮ࣝᘧ࡟ศ㢮ࡉࢀࡿࠋࣈ࣮ࣞ࢟ᘧࡣᅗ 2(5)࡟♧ࡍࡼ࠺࡟ࠊ᥋ྜ
ࡍࡿ୍᪉ࡢẕᮦ(ᅇ㌿ഃ)ࢆ㟁ືᶵ࡟ࡼࡾࢡࣛࢵࢳ࡜ࣈ࣮ࣞ࢟ࢆ௓ࡋ࡚ᡤᐃࡢᅇ㌿ᩘ࡟ಖᣢ
ࡋࠊࡇࢀ࡟┦ᡭẕᮦ(㟼Ṇഃ)ࢆἜᅽࢩࣜࣥࢲ࡞࡝࡟ࡼࡗ࡚ᦶ᧿ᅽຊ࡛ᢲࡋ௜ࡅࠊ✺ྜࡏ㠃
࡟ᦶ᧿⇕ࢆⓎ⏕ࡉࡏࡿࠋ✺ྜࡏ㠃ࡢ㏆ഐࡀ᥋ྜ࡟㐺ࡋࡓ ᗘ࡟฿㐩ࡋࡓ᫬Ⅼ࡛ࢡࣛࢵࢳࢆ
㛤ᨺࠊࣈ࣮ࣞ࢟ࢆసືࡉࡏ࡚┦ᑐᅇ㌿㐠ືࢆ೵Ṇࡉࡏࡿ࡜ྠ᫬࡟ᦶ᧿ᅽຊࡼࡾࡉࡽ࡟኱ࡁ
࡞ᅽຊ࡛᥋ྜࢆ᏶඲࡞ࡶࡢ࡜ࡍࡿࡓࡵ࢔ࣉࢭࢵࢺᅽຊࢆ௜ຍࡍࡿࠋᅇ㌿ᩘࡣ 1000㹼
5000rpm࡛࠶ࡾࠊᦶ᧿ᅽຊࡣ 10㹼100MPaࠊ࢔ࣉࢭࢵࢺᅽຊࡣ 50㹼300MPa࡛᥋ྜ㒊ᮦ
࡟ࡼࡗ࡚ࡇࢀࡽࡢ᮲௳ࡣ␗࡞ࡿࠋ 
 
 
ᅗ 2 ࣈ࣮ࣞ࢟ᘧᦶ᧿ᅽ᥋ᶵ 
 
ࣇࣛ࢖࣍࢖࣮ࣝᘧࡣᅗ 3(5)࡟♧ࡍࡼ࠺࡟ࣇࣛ࢖࣍࢖࣮ࣝࢆᣢࡘ㍈࡟ᅇ㌿࢚ࢿࣝࢠ࣮ࢆ୚
࠼ࠊ⮬⏤࡟ᅇ㌿ࡉࡏࡿࠋࡇࡢᅇ㌿㍈࡟ྲྀࡾ௜ࡅࡽࢀ࡚࠸ࡿ⣲ᮦࡢ➃㠃ࢆᦶ᧿ᅽຊ࡟ࡼࡗ࡚
ᢲࡋ௜ࡅࡿ࡜ࠊᦶ᧿㒊࡛ᅇ㌿࢚ࢿࣝࢠ࣮ࡀᦶ᧿௙஦(⇕Ⓨ⏕)࡟ᾘ㈝ࡉࢀ࡚ࠊᛴ㏿࡟ᅇ㌿㏿
ᗘࡣపୗࡋࠊ⮬↛೵Ṇࡍࡿ࡜᥋ྜࡣ᏶஢ࡋ࡚࠸ࡿࠋ᥋ྜ᮲௳ࡣࠊࣈ࣮ࣞ࢟ᘧ࡜ྠᵝ࡛࠶ࡿࠋ 
 ࡞࠾ࠊ⌧≧࡛ࡣࣈ࣮ࣞ࢟ᘧࡢ᪉ࡀ୍⯡ⓗ࡛࠶ࡿࠋ 
ࢡࣛࢵࢳ 
᥋ྜ㒊ᮦ Ἔᅽࢩࣜࣥࢲ࣮ 
ࣈ࣮ࣞ࢟ 
㟁ືᶵ 
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ᅗ 3 ࣇࣛ࢖࣍࢖࣮ࣝᘧᦶ᧿ᅽ᥋ᶵ 
 
ᦶ᧿ᅽ᥋ࡢၥ㢟Ⅼ
ᦶ᧿ᅽ᥋ࡣ୍㒊ࡢ␗✀㔠ᒓࠊ㠀෇ᙧ㒊ᮦࠊ኱ᆺ㒊ᮦࡢ᥋ྜࡀ୙ྍ⬟࡜ࡉࢀ࡚࠸ࡿࠋࡑࡢ
୺࡞ཎᅉࡣḟ࡟♧ࡍ 3Ⅼ࡛࠶ࡿ(6)ࠋ(1)␗✀㔠ᒓࢆ᥋ྜࡋࡼ࠺࡜ࡋࡓሙྜࠊ᥋ྜᮦᩱࢆ᥋ゐ
ࡉࡏ࡚Ⓨ⇕ࡍࡿࡇ࡜࠿ࡽ཮᪉࡟⇕㔞ࡀศ㓄ࡉࢀࡿࠋ⼥Ⅼࡢᕪࡀ኱ࡁ࠸ሙྜ୍᪉ࡔࡅ㌾໬ࡋ
࡚᥋ྜࡀᅔ㞴࡜࡞ࡿࠋ ࡲࡓࠊ㔠ᒓ㛫໬ྜ≀ࡢ⏕ᡂ࠾ࡼࡧ㔠ᒓࡢᕳࡁ㎸ࡳࡀ⏕ࡌࡿ⤌ࡳྜࢃ
ࡏࡀ࠶ࡿࠋ(2)㠀෇ᙧ㒊ᮦࡢ᥋ྜࡢሙྜࠊ఩┦ࡢࡎࢀࡀ⏕ࡌࡿࡇ࡜ࡀ࠶ࡿࠋ(3)኱ᆺ㒊ᮦࡢ᥋
ྜࡢሙྜࠊᦶ᧿㏿ᗘ(༙ᚄゅ㏿ᗘ)ࡀࠊᦶ᧿⏺㠃ࡢ෇࿘᪉ྥ(୰ᚰ㒊࡜እ࿘㒊)࡛␗࡞ࡿࡓࡵ
 ᗘศᕸࡀ୙ᆒ୍࡜࡞ࡿࠋࡑࡢ⤖ᯝࠊ኱ᆺ㒊ᮦ࡛ࡣྛ⏺㠃㡿ᇦෆࡢⓎ⇕ศᕸࡀᆒ୍࡟࡞ࡽ
࡞࠸ࡢ࡛ࠊ᥋ྜ⏺㠃ࢆᆒ୍࡟㌾໬࡛ࡁ࡞࠸ࠋ 
 
㸲᪂ᦶ᧿᥋ ྜ
᪂ᦶ᧿᥋ྜࡢཎ⌮
ୖグࡢၥ㢟Ⅼࢆᨵၿࡍࡿࡓࡵ࡟᪂ᦶ᧿᥋ྜᢏ⾡ࢆ⪃᱌ࡋࡓࠋ᥋ྜᮦᩱࡢ᥋ྜ㠃ࡢ㛫࡟㧗
⼥Ⅼ㧗ᙉᗘࡢ୰㛫ᮦࢆᤄධࡋࠊ୰㛫ᮦࢆබ㌿㐠ືࡉࡏ࡞ࡀࡽᦶ᧿ᅽຊࢆ࠿ࡅࡿࡇ࡜࡟ࡼࡾ
᥋ྜ㠃࡟ᦶ᧿⇕ࢆⓎ⏕ࡉࡏࡿࠋࡑࡢᚋࠊ᥋ྜᮦᩱࡀ༑ศⓎ⇕ࠊ㌾໬ࡋࡓ≧ែ࡛୰㛫ᮦࢆᘬ
ࡁᢤࡁ᥋ྜᮦᩱ࡟࢔ࣉࢭࢵࢺᅽຊࢆຍ࠼ࡿࡇ࡜࡛᥋ྜ㠃ࢆᅽ᥋ࡍࡿ㸦ᅗ 4)ࠋ 
 
 
 
ᅗ 4 ᪂ᦶ᧿᥋ྜࡢཎ⌮ 
 
 
 
 
Orbital motion 
Friction pressure Upset pressure 
ࢡࣛࢵࢳ 
᥋ྜ㒊ᮦ Ἔᅽࢩࣜࣥࢲ࣮ 
ࣇࣛ࢖࣍࢖࣮ࣝ
㟁ືᶵ 
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᪂ᦶ᧿᥋ྜᢏ⾡࡛ࡣ᥋ྜᮦᩱྠኈࢆ┤᥋ᦶ᧿ࡉࡏ࡞࠸ࡓࡵ㔠ᒓ㛫໬ྜ≀ࡢ⏕ᡂࡸ㔠ᒓࡢ
ᕳࡁ㎸ࡳࡀⓎ⏕ࡋ࡞࠸ࡇ࡜ࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊᦶ᧿ᅽຊࡸᦶ᧿ಀᩘࢆᕥྑ࡛ኚ᭦
ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࡢ࡛Ⓨ⇕㔞ࢆኚ࠼࢔࣑ࣝ஧࣒࢘(660Υ)࡜ࢱࣥࢢࢫࢸࣥ(3422Υ)ࡢࡼ࠺
࡞⼥Ⅼᕪࡢ኱ࡁ࡞ᮦᩱࡶ᥋ྜ࡛ࡁࡿࠋࡲࡓࠊ᥋ྜᮦᩱ⮬యࡣᅛᐃࡋ࡚࠸ࡿࡢ࡛෇ᙧ௨እࡢ
ゅᮦࠊ࣮ࣞࣝᙧ≧࡞࡝ࡢ」㞧࡞ᙧ≧ࡢ᥋ྜࡀྍ⬟࡜࡞ࡿࠋࡲࡓࠊ୰㛫ᮦࢆබ㌿㐠ືࡉࡏࡿ
ࡇ࡜࡛Ⓨ⇕㔞࡟᫬㛫ⓗࠊሙᡤⓗ࡞ࡤࡽࡘࡁࡀ⏕ࡌࡎ኱᩿㠃ࡢࡶࡢࡢ᥋ྜࡀྍ⬟࡜࡞ࡿࠋ 
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